month to more pervasive signal abnormalities and volume loss of the entire left hemisphere that were likely consistent with diffuse cortical necrosis (figure, B). Routine electrolytes and CSF analysis at the time of presentation were within normal limits.
At the last follow-up (16 months posthospitalization) the patient remained seizure-free on levetiracetam. The presenting symptoms, hospital course, and imaging were most consistent with hemiconvulsion-hemiplegia (HH) syndrome since he has not developed subsequent epilepsy. His motor functioning improved with weekly physical therapy/ occupational therapy and he was taking some steps independently. He continued to have limited use of the right upper extremity, especially with fine motor movements of the hand. Speech progressed well and he was speaking in sentences, counting, and identifying some letters. DISCUSSION Epidemiology. HHE syndrome was first reported by Gastaut and colleagues 1 approximately 50 years ago. The specific incidence is unknown but it has been reported that it is declining in developed countries. 2, 3 This could be due to improved and more rapid treatment of status epilepticus as well as the wider availability of rectal and IV benzodiazepines. A decrease in the incidence of febrile status epilepticus due to increased rates of childhood immunizations is another possible explanation.
Clinical characteristics. The first report in the English literature of HHE syndrome (1960) described the clinical, electrographic, radiologic, and pathologic features of 150 children identified with the syndrome. 1 Children are usually less than 4 years of age at the time of presentation and a concurrent febrile illness should be present. The initial stage is referred to as HH syndrome (HHS) since epilepsy has not yet developed. HHS is characterized by prolonged (hours), unilateral, and clonic convulsions that are often initially unrecognized and many times the child is found having the convulsions in his or her bed. 4 The hemiconvulsion has the following characteristics that have been described by Chauvel and Dravet 4 : 1) duration of hours and at times more than 24 hours, 2) variable location of the jerking, with a possibility of contralateral seizures if it is prolonged, 3) inconstancy of impairment of consciousness, 4) variable onset with possible head/eye deviation, unilateral jerking, or bilateral jerks evolving to unilateral jerks, and 5) the possibility of severe autonomic symptoms such as hypersalivation, respiratory disorders, and cyanosis. HHE syndrome can be divided into 2 groups based on known etiologies. Idiopathic HHE syndrome is only associated with fever and pre- sumed extracranial infection while the symptomatic type is associated with fever as well as some identified, predisposing factor (head trauma, intracranial infection, or cerebral vascular disease). Unilateral hemispheric swelling occurs during the time of convulsive status epilepticus. The earliest changes seen are edema of the subcortical white matter in the affected hemisphere. 5 This is followed by the development of global cerebral hemiatrophy over weeks to months. 6 An important distinguishing feature from stroke is that these abnormalities are independent of any vascular territory. In addition, in HHE syndrome the MRI often shows prominent diffusion restriction within the internal capsule, basal ganglia, and portions of the thalamus initially, as it did in this case. MR angiography in this case was normal and is consistent with data from larger case series of HHE syndrome that have shown normal vascular imaging. 7 The radiologic abnormalities correspond with clinical changes such as hemiplegia, visual field deficit, or aphasia.
Pathogenesis. The etiology of HHE syndrome remains unclear, but it is likely the result of multiple factors. Radiologic findings indicate that there is a relationship between a sequence of events including early repetitive seizures, brain edema, cortical and subcortical atrophy, and chronic epilepsy in many of the cases. 4 It is clear from pathologic examinations that the hemispheric swelling is related to cytotoxic edema. 8 Other reported pathologic features are spongiosis and disruption of the normal cellular architecture. It has been proposed that these changes could be related to the primary, presumed viral, infection with resultant inflammatory cytokine damage. 2 There has also been speculation that the syndrome is directly related to the prolonged ictal activity. The young age seen at the time of onset is possibly related to the propensity of the immature brain to develop unilateral ictal discharges. This prolonged, unilateral ictal activity could cause excessive neuronal excitation via N-methyl-D-aspartic acid (NMDA) glutamate receptors. This could lead to a cascade of increased intracellular calcium causing cytotoxic edema and eventual necrosis and apoptosis. Most likely is that there is a synergistic relationship between inflammation and seizures that potentiates status epilepticus and cellular damage. It has been proposed that HHE syndrome, along with feverinduced refractory epileptic encephalopathy in schoolaged children (FIRES) and new-onset refractory status epilepticus (NORSE), may be part of the same spectrum of inflammatory mediated encephalopathy and status epilepticus syndromes with the difference in clinical expression related to the stage of brain maturation. 9 There are no known underlying genetic factors associated in children with HHE syndrome; however, a recent report has linked it with CACNA1A mutation and possible cerebral vasospasm. 10 Much of the data related to the pathogenesis of HHE syndrome support the existence of a "febrile idiopathic HHE syndrome" that shares some commonalities with simple febrile seizures. However, the relative rarity of HHE syndrome has caused some authors to question this connection and raise the possibility that children who develop HHE syndrome may have a preexisting cerebral lesion which transforms what would have been a simple febrile seizure into focal status epilepticus. 4 Treatment and prognosis. Treatment for HHE syndrome during the early acute phase of the illness is mainly supportive and in the short term most children do well once the initial status epilepticus is controlled. However, it has been proposed, based on radiologic and pathologic findings, that the use of anti-edema agents and NMDA-type glutamate receptor antagonists during the acute period could help to stop neuronal injury. 2 After some variable period (months to years) of seizure freedom, approximately two-thirds of patients will develop epilepsy that is in many cases intractable.
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Making a distinction between idiopathic and symptomatic types of HHE is important because the 2 types differ in long-term prognosis. 12 Patients with the idiopathic type tend to develop temporal lobe epilepsy whereas those in the symptomatic group have an earlier onset of epilepsy and it is a symptomatic generalized type. No guidelines exist as to whether children with HHE syndrome should be on chronic anticonvulsant medication to prevent the remote seizures. There is evidence that surgical treatment of delayed intractable epilepsy in HHE syndrome is beneficial. 12 The motor deficits associated with HHE syndrome have a variable course with some patients having persistent hemiplegia and others with complete resolution.
1 Physical and occupational therapy can be useful in the acute and chronic periods of the syndrome in order to maximize motor function. Longterm cognitive and language outcomes associated with HHE syndrome are poorly understood. Chauvel and Dravet have reported mental retardation as a feature in one-third of the patients with intractable epilepsy referred for epilepsy surgery, but a more recent study demonstrated that outcome can vary depending on which hemisphere is affected and mental retardation is not universal. 4, 13 Patients with retained language in the affected hemisphere tended to have a better cognitive outcome.
Based on this literature, the prognosis for our patient can be made. His focal status epilepticus seemed to be related to a prolonged febrile seizure as in many of the idiopathic cases. However, he had preexisting neuronal injury which places him in the symptomatic HH category making early, symptomatic generalized epilepsy more likely. Long-term language outcome may be dependent upon whether the functional cortex was reorganized following cerebral injury. Future fMRI for language function could help to establish the prognosis in this regard more accurately.
FUTURE PERSPECTIVES HHE syndrome is a rare but serious disorder in the pediatric population. It can greatly impact the quality of life for patients and their families. Health care dollars spent on patients with this disorder could be substantial given the remote development of medically intractable epilepsy and possibly lifelong hemiplegia.
HHE syndrome should be preventable by continued advances related to the rapid resolution of seizures. The severe impairments associated with HHE syndrome makes it imperative that continued research into the pathophysiology and treatment of the disorder is performed. It would be reasonable to pursue research related to preventing cytotoxic damage acutely with the use of NMDA antagonists or aggressive, early treatment of cerebral edema.
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